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Abstract 
Cell growth and cell proliferation are two very important processes for multicellular organisms. In 
mammalian systems these processes are coordinated by a protein-complex mTOR, which is a 
central regulator of a complex signaling transduction pathway. TSC1 is an upstream protein of 
mTOR pathway that has a negative effect on the mTOR itself and, therefore, on the cell growth and 
cell proliferation. Recently it has become evident that resveratrol has an impact on the cell growth 
and the cell proliferation as well. In this report we have tried to find out: What is the influence of 
resveratrol treatment in combination with tsc1 knock out on the mammalian cell growth and cell 
proliferation? A series of experiments on TSC1+/+ and TSC1-/- mouse embryonic fibroblast cells 
was carried out. The results of our investigation show that resveratrol treatment inhibits the cell 
growth and proliferation for both TSC1+/+ and TSC1-/- cell lines in both Akt-dependent and 
independent way. However, in the TSC1-/- cells these two processes were relieved through the 
mTOR pathway. Besides that, another observation was made, showing the size of TSC1+/+ and 
TSC1-/- cells, which is controlled by the interaction between the cell growth and cell proliferation, 
were changing very differently in time- and concentration-dependent manner. The results of this 
investigation are not very accurate, but can provide an answer to the research question in general 
lines. 
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Foreword 
For most of our group members, molecular biology is the major subject in the last academic 
year of Bachelor Program. Therefore, we have decided to make a project within this field of natural 
science. 
We started the semester with a rather vague idea of making a project about resveratrol. After 
a few discussions within the group a decision to investigate the effect of resveratrol on the 
TSC1/TSC2 knock out in mammalian cells was reached. Later on it was decided to focus only on 
the TSC1. 
A series of experiments has been conducted. However, there have been several difficulties 
associated with our inexperience in the laboratory procedure. Due to that we had to repeat the 
experiment several times to obtain a set of data that we could trust.  
When the experimental part of the investigation was finished, there was only a very short 
time to analyse and to discuss the results, which has also been quite challenging due to the fact that 
some of the results did not match our initial thoughts. 
Finally we have found a reasonable explanation to the results and completed the project with 
a common feeling of gaining new knowledge in science and with an understanding of what the 
subject of molecular biology is really about. 
Enjoy your reading 
Group 3  
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1. Introduction 
 Disease treatment has always been a major focus of the scientific research. Tumour1 
formation is a very widespread disease. There are two forms of tumour, one of them is cancer2, 
taking millions of lives every year. For that reason a lot of research is being carried out in order to 
answer the basic questions: how to prevent and how to treat tumour?  
 As it has been determined by scientists gene mutation is a cause of tumour. In the past it was 
thought that drugs targeted to treat a single gene would help in the tumour treatment. However, 
recently scientists came to a conclusion that a single gene mutation is not the cause of this particular 
disease. It has been identified that it is the dysregulation of multiple genes that causes the 
development of many diseases, including tumour formation. Due to that drugs targeted to affect a 
single gene have failed to treat this disease.   
 In the recent years researchers began seeking some other ways to cure the disease. As an 
alternative, it has been found that several phytochemical3 compounds have shown a very good 
result in treatment of tumour, and cancer in particular, and other diseases associated with multiple 
gene mutation. This particular finding might be very promising for the future research. [Shishoida 
S., et al, 2006] 
 Due to that our group has decided to make an investigation on the effect of phytochemicals 
on tumour. Of course it would be impossible for us to make a very deep and comprehensive 
investigation in this semester. Instead we would like to conduct a rather simple investigation about 
some particular step involved in this process. For that reason we choose our target group to be 
students like us, who do not have any primer knowledge on the topic of our discussion.  
 
1.1 The focus in the project 
 Resveratrol is one of the phytochemicals, derived from several food plants, which has shown  
many properties that play a very important role in the treatment of a wide variety of human diseases. 
One of these properties is cancer chemo- prevention and protection. Scientists were able to 
determine that resveratrol has a direct relation to the cell cycle progression4 and proliferation5. It 
has also been shown that resveratrol has an effect on the cell growth6, which is a very important 
knowledge in the tumour treatment research.  
 However, there are still many uncertainties about the direct influence of this compound on 
the growth and proliferation of the cells. One is - the influence of resveratrol in combination with 
loss of TSC1 on the growth and proliferation of cells. TSC1 is a protein that has a negative effect on 
the cell growth. However, knock out of tsc1/tsc2 gene in the cells does actually results in the 
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increase of the cell size. 
 To our best knowledge the influence of resveratrol on the cells with this particular gene 
mutation has never been investigated. For that reason it has been chosen as a focus of this project 
with the following research question: “What is the influence of resveratrol treatment in 
combination with tsc1 knock out on the mammalian cell growth and cell proliferation?”  
 
1.2 The case study 
 In order to answer the research question an experiment has been carried out. This experiment 
was done on two mammalian cell lines; both of them are from mouse embryonic fibroblasts7. The 
first cell line contains the normal cells, which have tsc1 gene that code for TSC1 protein synthesis. 
Another cell line contains cells with artificially inserted tsc1 gene mutation, which are unable to 
code for TSC1 protein. Throughout this investigation both of these cell lines have been treated with 
different concentrations of resveratrol in the time-manner to find out about the influence of 
resveratrol on the TSC1+/+ cells in contrast to the TSC1-/- cells. A closer look on the case study of 
this project is given in the later chapter of the report. 
 
1.3 The structure of the report 
 The report is structured in a rather simple way. First there is a theory that leads into 
formulation of the hypothesis. Then there is a methodology part, which describes the method of the 
experiment that has been designed in order to carry out the investigation. After that the results of 
this investigation are presented and analysed in the part called “Analysis”. Next, in the “Discussion” 
– chapter we go through the results of experiments, compare them to the initial hypothesis, and, 
explain why and how they either support or disprove it. Finally the discussion leads to the 
conclusion, followed by the list of references. Here it is important to mention that the references in 
the text are put into square brackets, and they show the name of the first author and the year of 
publication.  
 Some additional chapters have also been included in the report. One of them is 
“Perspectives”, in which some methods of how to improve the investigation in order to make it 
more accurate and comprehensive are suggested. Some ideas on how it might be possible continue 
this research are also given in this particular chapter. 
 In order to provide a better understanding for the reader of this paper a list of abbreviations 
and a list of figures has also been included in the end of this report. What is more, scientific terms 
introduced in the text for the first time are numbered in chronological order and marked in Italics 
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and Bold. The number corresponding to every term can find the explanation of these terms in the 
glossary, which is also included at the back of the report. After a particular term has been introduced 
once, it is marked in Italics in the remaining parts of the report to indicate that its explanation can be 
easily determined if necessary. 
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2. Theory 
This chapter of the report comprises the knowledge behind the hypothesis. However, this 
knowledge is rather broad and hardly comprehensive. Therefore, it is best to divide it into three 
main parts. First some of the basic processes taking place inside of cells are introduced in the next 
subchapter of the report. Understanding of these processes is very important for further 
understanding of what is presented in the subsequent chapters. 
 
2.1 Biological processes inside of cells 
2.1.1 Cell cycle progression and cell growth 
 Growing is one of very basic characteristics of life achieved by the growth of cells. 
Therefore, the cell as a fundamental unit of life is also the unit of growth [Hall M., et al, 2004].  
Cell growth, which simply means the increase in cell mass or cell size by means of increasing the 
cellular material, is regulated by both intra- and extracellular factors in the manner of temporal and 
spatial control [Hall M., et al, 2004] [Becker W., et al, 1996]. When cells are growing, they 
synthesise different cellular constituents including proteins, nucleic acid, carbohydrates, lipids, and 
etc, which require an expansion of the cell volume. However, cell size could also be influenced by 
osmotic mechanisms, for example by the regulation of passage through ion channels, [Dubois J., et 
al, 2004]. Therefore, monitoring the cell size is just an approximate approach to investigate the cell 
growth, [Schmidt E., et al, 2004].   
 Cell growth is a continuous process that takes place through the cell cycle progression.   
As figure 2.1 below shows, the cell cycle comprises four sequential phases: G1 phase8, S phase9, 
G2 phase10, M phase11. It also shows that at the end of G1, G2 and M phases three are three 
corresponding checkpoints: G1 checkpoint12, G2 checkpoint13 and M checkpoint14. They are the 
traffic lights regulating the cell cycle by stop and go-ahead signals.  
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Figure 2.1: The cell cycle, [Becker W., et al, 1996] 
Arrows in the cycle indicate the direction of the cell cycle progression starting at the initial phase G1. Another arrow is 
pointing from the checkpoint G1 into the Go phase. 
 
G1 phase, S phase and G2 phase together form a long stage called interphase15, which accounts for 
about 90% of the cycle. The cell components are duplicated continuously throughout the cycle, 
while the chromosome duplication occurs only during the S phase. Therefore, the cell cycle 
progression embodies a continuous growth of cell components and discontinuous DNA synthesis. 
Together these processes make a complete preparation for the cell division, which is normally a 
final step of one full cell cycle. [Schmidt E., et al, 2004] 
The M phase is a combination of mitosis16 and cytokinesis17, where the replicated 
chromosomes first divide into individual nuclei (mitosis) and the cell then splits in two daughter 
cells (cytokinesis). However, the cells are not always determined to divide. The G1 checkpoint is the 
point to decide whether the cell is to divide or not. If the cell cannot pass G1 checkpoint, it will 
leave from the cycle and arrest in a non-dividing G0 stage18. That is also shown on the figure 2.1. 
 
2.1.2 Cell proliferation and apoptosis 
A cell cannot increase its size infinitely as the capacity of exchange between the cell and its 
environment is limited by the area to volume ratio. That is why cells have to undergo the cell 
division, throughout which one cell duplicates its contents and then divides into two daughter cells 
during the cell cycle progression. This process is called a cell proliferation, by which means the cell 
maintains its size within a certain range, [Hughes D., et al, 2003][Becker W., et al, 1996]. 
Therefore, the measure of the cell growth is mostly accomplished by the measure of the cell size 
during the cell proliferation. 
A multicellular organism is subjected to the processes of cell cycle progression and 
proliferation throughout its life. However, the number of cells cannot increase infinitely. Instead, as 
the organism reaches the adulthood its number of cells stays relatively constant. That is happening 
through the process of homeostasis19. 
 Homeostasis is one of the most important processes inside of cells that involves control of 
cell proliferation and cell death through signal messages. In case of failure in this process 
pathogenesis20 of many human diseases including cancer can occur. That would happen in the case 
if a damaged cell would not die and continue dividing into daughter cells finally forming a tumour. 
Apoptosis21 plays a very big role in this process. 
 Apoptosis is a process of deliberate biochemical events inside of a cell, causing the cell 
death. This process is caused by a variety of signals, either by extrinsic22 or by intrinsic inducers23 
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in case of cell damage beyond repair, virus infection, or in response to a stress condition. Toxic 
chemicals, such as resveratrol can also cause apoptosis through the action of a protein p5324.  
[Lawen A, 2003] 
 
2.1.3 Abnormal cell growth  
 In the previous chapter of the report we have introduced homeostasis as an important 
process inside of multicellular organisms that involves balancing the cell proliferation and the cell 
death. The imbalance between these two processes is a direct cause of tumour formation. 
 The process of tumour formation inside of cells does never happen by itself. Several DNA 
mutations are needed to trigger this process. These mutations would disrupt the normal balance 
between the cell proliferation and the cell death, causing uncontrolled division of cells leading to 
formation of a tumour.  
 However, a single DNA mutation is never enough for the tumour to appear. In fact several 
mutations of some specific gene classes are required for this process to occur. These gene classes 
are very essential for the cell proliferation, cell death and the DNA repair. Otherwise, the mutated 
cell would either die, or repair its damage and come back to its normal cellular activity. [Sarasin A., 
2003] 
 As already mentioned in the introduction, there are two forms of tumour: malignant25 and 
benign tumours26. Malignant tumours are simply known as cancers. They differ from the benign 
tumours because they can seed metastases27 and spread into other tissues. Moreover, malignant 
tumours may appear after surgical interventions. 
 Mutations of either tsc1 or tsc2 or both genes can be a cause of either form of tumour. In 
rare cases the mutation of either the tsc1 or tsc2 genes is a cause of occurring tuberous sclerosis 
complex (TSC) disease, which is an autosomal dominant disorder that has an incidence of 1 in 6000 
newborns. TSC can appear in various organs as disorganized benign tumour cells, especially in 
brain and eyes.  
 
2.2 Signal transduction inside of cells 
In the chapter 2.1 we have explained the processes of cell growth and cell proliferation in 
general. These processes are controlled and regulated by signals passing through a sequence of 
protein cascades. In this chapter we are going to concentrate on that. 
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2.2.1 mTOR and its pathways 
Signal transduction is a very complex procedure that involves many steps. However, there is 
one step in its way, which is very important. This step involves signal transmission through the 
protein-complex TOR.   
TOR, known as the target of Rapamycin28, is a serine/threonine protein kinase29, which is 
a central component of complex signalling network that regulates protein translation, cell cycle 
progression, and cellular proliferation. It also monitors the availability of nutrients in the cell. 
Some scientists even suggest that TOR may play a function of the central coordinator of the 
processes of cell growth and cell cycle progression by regulating these processes independently of 
each other, or by regulating the cell growth in the first place. [Fingar D., et al, 2002] [Fingar D., et 
al, 2004] [Hay N., et al, 2004] 
TOR exists in yeast, drosophila and mammalian animals. mTOR is a mammalian TOR also 
known as FRAP, RAFT, and RAPT. mTOR can integrate upstream signals, “including growth 
factors, nutrients, energy levels, and stress”. [Lee C., et al, 2007] [Corredetti, MN., et al,2006 ] 
Once the mTOR receives all these signals, it could positively or negatively regulate the growth of 
the cell. [Lee C., et al, 2007] 
As figure 2.2 shows, mTOR exists in two distinct multi-protein complexes. One of them can 
bind to FKBP12-rapamycin (rapamycin binds to a protein FKBP12 to form a drug-receptor 
complex that interacts with and perturbs TOR). This complex consists of mTOR, GβL and raptor 
proteins and it is referred to raptor-mTOR or rapamycin sensitive complex. The other complex, 
which is rapamycin insensitive, is known as rictor-mTOR, because instead of the raptor- it contains 
the rictor-protein.  
 
Figure 2.2: Raptor- and Rictor- mTOR  
The arrows represent a simple network of mTOR from coordinating various signals to regulating growth of the cell. The 
bar shows the inhibiting role of rapamycin on the Raptor-mTOR. 
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Raptor-mTOR regulates cell growth positively as its inhibition by rampamycin causes a 
significant decrease in the size of the cell. This complex regulates cell survival and cell 
proliferation. On the other hand, rictor-mTOR plays an important role in activation of Akt/PKB, 
which is a key component of the insulin/PI3K signalling pathway. Therefore, through rictor- and 
raptor- protein complexes, mTOR influences cell size, number of cells and their shapes. [Sarbassov 
D., et al, 2005] It is also important to notice here that a mutual inhibitory effect was found between 
raptor-mTOR and rictor-mTOR, indicating the competitive relationship between these two 
complexes. Long-term inactivation of raptor-mTOR has suggested increasing the content of rictor-
mTOR in the cell because an enhanced phosphorylation at S473 site on Akt has been monitored. 
[Yang Q., et al, 2006]  
Until now, most of the studies on mTOR have been exclusively carried out on the Raptor-
mTOR. Rictor-mTOR is less known than the Raptor-mTOR. Therefore, the term “mTOR” refers to 
raptor-mTOR throughout this report.  
mTOR regulates the growth of the cell via multi-signal pathway. However, we will 
concentrate on the most essential signal pathway for cell growth, namely the growth factor signal 
pathway, to investigate the process of cell growth and cell proliferation. Therefore, we need to have 
a look at this specific signal flows in both upstream and downstream of the mTOR pathway. Figure 
2.3 below gives a general overview of the upstream and downstream signal flows of mTOR. It is 
helpful to consult this figure while reading the subsequent sections.  
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Figure 2.3: mTOR pathways 
Insulin or insulin like growth factor (IGF) binds to insulin receptor (IR) and activates insulin receptor substrate (IRS) 
and then phosphorylate Phophatidylinositol-3-kinase (PI3K) converts phosphatidylinositol 4,5 bisphosphate (PIP2) to 
phosphatidylinositol 3,4,5 trisphosphate (PIP3). PIP3 recruits and localizes serine/threonine protein kinase (Akt) and 3-
phosphoinositide-dependent protein kinase 1 (PDK1) to the membrane, which creates the condition for PDK1 to 
activate Akt. Akt regulate cell growth and cell proliferation through mTOR pathway. The arrows indicate activation, 
bars indicate inhibition and question marks indicate unknown or uncertain pathways or interactions. 
 
2.2.2 Upstream of mTOR pathway  
Figure 2.3 above shows that upstream of mTOR consists of four main regulators PI3K-Akt-
TSC1/TSC2-Rheb. We are going to introduce these regulators one by one and explain the signalling 
network between them. 
 PI3K 
PI3K is an enzyme that plays an important role in regulating signalling pathway of the 
growth factors. Insulin as the most common growth factor combines with insulin receptor (IR) on 
cell surface, which then activates insulin receptor substrate (IRS), and leads to a further activation 
of Phophatidylinositol-3-kinase (PI3K). Then phosphatidylinositol 3,4,5 trisphosphate (PIP3), the 
lipid product of PI3K, recruits 3-phosphoinositide-dependent protein kinase 1 (PDK1) and 
serine/threonine protein kinase AKT to the plasma membrane and leads to a phosphorylation of 
Akt. [Corredetti MN., et al,2006 ] [Anderson K.E., et al, 1998] [Andjelkovic M., et al, 1997] 
 AKT/PKB 
Akt, also known as protein kinase B (PKB) is a serine/threonine protein kinase. It was 
reported to play an important role on cell growth, cell proliferation and cell survival. [Corredetti 
MN., et al, 2006] AKT/PKB can be fully activated by PI3K in the way of direct phosphorylation of 
its T308 site [Hay N., et al, 2004], coupled with a phosphorylation of its S473 site by rictor-mTOR. 
Akt has a positive regulation of mTOR through TSC1/TSC2 complex-Rheb pathway as well as by a 
mechanism of direct phosphorylation of mTOR. [Guertin D., et al, 2004] The loss of Akt results in 
a crucial reduction of cell growth and cell proliferation, and induction of the cell apoptosis. On the 
other hand, Phosphorylation of Akt promotes the cell growth and cell proliferation and to blocks 
apoptosis. Therefore, elevated expression of Akt was observed in many tumour cells.  
 TSC1/TSC2  
Hamartin (TSC1) and tuberin (TSC2) are tumour suppressor proteins that are encoded by 
tsc1 and tsc2 respectively. They couple with each other physically as a complex to inhibit Rheb and 
in turn inhibit mTOR and, thus, the cell growth and cell proliferation. [Tapon N., et al, 2001] 
[Hengstschläger, M., et al, 2003] [Andrew R., et al, 2002] Several recent experimental studies have 
shown that TSC1 and TSC2 are able to regulate cell growth and cell proliferation.  
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Similar as the human disease TSC, loss of tsc1 or tsc2 genes results into a loss of functional 
hamartin or tuberin, was reported to promote cell proliferation and cell growth in vitro. A study in 
Drosophila cell suggests that either tsc1 or tsc2 mutant cells are larger than the wild-type cells and 
spent less time in the cell cycle progression. [Tapon N., et al, 2001] Both TSC1 loss and TSC2 loss 
embryo fibroblast lines were detected to phosphorylate S6K and its substrate S6, leading to a 
promotion of cell growth and enhancement of cell proliferation. [Kwiatkowski D.J., et al, 2002] 
Increased expression of hamartin and tuberin are shown to inhibit the cell proliferation in a 
dose dependent manner. [Miloloza A., et al, 2000] [Soucek T., et al, 1997] It has been shown that 
overexpression of TSC1 reduces the cell proliferation rate of many cell types. [Miloloza A., et al, 
2000] [Miloloza A., et al, 2002] What is more, overexpression of TSC2 in mouse kidney tumour 
cells has shown to reduce the proliferation rate too [Orimoto K., et al, 1996]. Besides that, mighty 
inhibition effect on the activation of mTOR, S6K1 and eIF4E and on the cell proliferation can be 
observed when both TSC1 and TSC2 are overexpressed [Tapon N., et al, 2001] [Tee A., et al, 
2002].  
 Rheb  
Rheb (Ras homologue enriched in brain) conserved from yeasts to humans is a small 
guanine triphosphate (GTP)-binding protein that belongs to Ras superfamily. Rheb, at the same 
time, acts as a GTPase, which is able to hydrolyze its bond GTP to GDP and become inactivated. 
TSC2, known as a GTPase activating protein (GAP) towards Rheb, enhances the rate of GTP 
hydrolysis on Rheb, and thus inhibits Rheb activity directly. Rheb was reported to promote cell 
growth and cell proliferation in a manner of stimulating TOR activity. [Corredtti MN., et al, 
2006][Saucedo L.J. et al, 2003] Rheb has been suggested as a direct upstream positive regulator of 
mTOR for several years as no intermediate regulators had been found, but its mechanism of 
activating mTOR is still not clear. Moreover, Rheb was shown to bind to Rictor-mTOR, but its 
regulation of Rictor- mTOR has not been determined yet. [Corredtti MN., et al, 2006] Rheb over-
expression similar to loss of TSC induces overgrowth of cell. Rheb was also known to stimulate the 
activity of S6K1 and eIF4E through the TOR. [Yang Q., et al, 2006] 
 
2.2.3 Downstream of mTOR pathway 
 Recently two direct mTOR downstream signalling pathways have been identified. One of 
them named ribosomal protein S6 kinase (S6K); another is eukaryotic initiation factor 4E (eIF4E)-
binding protein (4EBP-1). Figure 3 below shows how mTOR interacts with its downstream targets 
and in turn controls the cell growth and cell proliferation. It is helpful to consult this figure while 
reading the following paragraphs. 
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Figure 2.4: Downstream of mTOR pathway  
mTOR phosphorylates S6K and indirectly activates the initiation factor eIF4E by the way of dissociation of 4EBP-1 
from the eIF4E. [Ruvinsky I., et al, 2006] Both pathways have shown to regulate cell growth and cell proliferation 
through blockage and restoration of certain genes. The arrows indicate activation, bars indicate inhibition. 
 
 S6k and its substrates 
Mammalian cells have two kinds of S6 protein kinases: S6K1 and S6K2. The 70-kDa 
ribosomal protein S6 kinase 1 (P70S6K1 or S6K1) is a more decisive enzyme than S6K2 in the 
regulation of cell growth and proliferation. Phosphorylation of S6K1 through the mTOR pathway 
has generally thought to enhance cell growth and cell proliferation. Loss of S6K1 in mice 
embryonic stem cells has been reported to cause a reduction in cell size as well as a decrease in cell 
proliferation. [Fingar, D. 2004] Until now, nine substrates of S6K have been identified, including 
ribosomal protein S6 (rpS6), eukaryotic traslation initiation factor 4B (eIF4B), eukaryotic 
elongation factor (eEF2K), insulin receptor substrate (IRS), etc. [Ruvinsky I., et al, 2006] rpS6 as 
the first identified substrate of S6K is better known than the other substrates.  
Recent research indicated that rpS6 interacts with tRNA, initiation factors for protein 
synthesis and mRNA. There has been a lot of research focused on the interaction of S6K1 with 
mRNA, showing that phosphorylation of S6K1 leads to a phosphorylation of rpS6, which in turn 
enhances the affinity of ribosomes for 5’-TOP mRNA and thus increases the translation of 5’-TOP 
mRNA. The mRNA that contains a 5’ terminal oligopyrimidine (5’-TOP mRNA) encoding 
ribosomal proteins and translation elongation factor is the core to promote ribosome biogenesis and 
protein synthesis, and thus increase cell growth and cell proliferation. Experiment studies in vitro 
have also shown that phosphorylation of rpS6 leads to an increase in the size of fetal liver cells and 
MEF cells. It is necessary to mention that activation of S6K could lead to insulin insensitiveness by 
means of inactivation of IRS through a negative feedback loop, which is shown on the figure 2.2. 
[Ruvinsky I., et al, 2006] [Zito C., et al, 2007] 
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 4EBP1 and eIF4E 
 4EBP-1 also known as PHAS-I is a protein, which at hypo-phosphorylated state can bind to 
and inhibit eIF4E. Binding of the 4EBP1 to eIF4E is reversible and it is dependent on the 
phosphorylation status of 4EBP. [Fingar D., et al, 2002] eIF4E is able to bind the cap at the 5’ ends 
of mRNA and initiate cap-dependent translation. Therefore, eIF4E is an essential factor to support 
protein synthesis, cell growth and cell proliferation. [Fingar D., et al, 2004] 4EBP-1 binding to 
mTOR can be phosphorylated by mTOR-mediated signal directly. Moreover, Phosphorylation and 
inactivation of 4EBP-1 leads to a release of eIF4E, which then enhances the cell growth and cell 
proliferation. As it has been demonstrated by D. Fingar in 2002, overexpression of either S6K1 or 
eIF4E can cause an increase in the cell size, while coexpression of both S6K1 and eIF4E may lead 
to a further increase in the cell size.  
 Generally, it indicates that both the S6K downstream pathway and the 4EBP1/eIF4E 
downstream pathway control the cell growth and the cell proliferation independently of each other.  
 
2.2.4 Coordination of cell growth and cell proliferation by mTOR 
Cell cycle progression supports the growth of the cells. At the same time the cell 
proliferation, as a cause of the cell cycle progression, balances the increase in the cellular material. 
As a result, cells are able to keep their size within a certain range. Therefore, if cell proliferates too 
fast for the cell growth to catch up, the cell size would decrease. On the other hand, if the cell 
proliferates too slow to balance the increased cellular material, the cell size would increase. This 
notion of balance of the cell size implies that cell growth regulates the cell cycle progression, and 
thus the cell proliferation.  
A study in yeasts also shows that the cell growth limits the rate of the cell cycle progression, 
as progression through the different stages of the cell cycle can be paused until the cell accumulates 
enough cellular material. It indicates that yeasts may have intracellular cell-size checkpoint, which 
checks whether the cell size and the corresponding protein contents is suitable for cell cycle 
progression to follow to the next phase or not. [Johnston G., et al, 1977] It is important here that 
this cell-size checkpoint is different from the cell cycle check points at G1, S and G2 phase 
motioned in one of the previous sections. [Conlon I., et al, 2004]  
In contrast, a study of coordination of cell growth and cell cycle progression in mammalian 
cells suggests a different concept. Unlike yeast cells, mammalian cells may not have a cell-size 
checkpoint and their cell growth is not the sole driver of cell cycle progression. That is because the 
growth rate of mammalian cells is independent of their size. Moreover, unlike the yeast cells, 
mammalian cells are very dependent on the extracellular signals, for example on the growth factor 
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signals. Therefore, the growth factors have a significant function in regulating the cell growth and 
the cell cycle progression. [Conlon I., et al, 2004]  
Resent studies of the role of mTOR pathway show that mTOR functions as a central 
coordinator of the processes of cell growth and cell cycle progression. mTOR intracellular signal 
pathway integrates the extracellular signals to regulate cell growth and cell proliferation [Conlon I., 
et al, 2004]  
It has been shown that mTOR coordinates the communication of signals between the cells 
and their environment and regulates the cell growth and cell proliferation positively. However, the 
coordination of the cell growth and the cell cycle progression are still not clear. Two very distinct 
hypotheses based on the effect of mTOR were proposed:  
1. mTOR has a positive regulation of the cell cycle progression through enhancing the cell 
growth, meaning that the cell cycle progression is depended on cell growth. 
2. mTOR regulate the cell growth and the cell cycle progression positively and independently 
of each other. [Lee C., et al, 2007] [Fingar D., et al, 2002] [Fingar D., et al, 2004] 
 
2.3 Resveratrol 
2.3.1 Introduction to resveratrol 
First identified in grape in 1976 and in wine in 1992 [Birt. D.F., et al., 2004], resveratrol has 
shown many cancer chemopreventive and chemoprotective functions. Therefore it is of a great 
interest to our knowledge.  
Resveratrol is produced by a wide variety of plants including grapes, peanuts, berries and 
other plants. It fact, resveratrol can be isolated from more than 70 different plant species, mostly in 
response to microbial infection, UVB-radiation and exposure to ozone. [Seeram N.P., et al, 2006] 
Next in this chapter we would like to get a deeper understanding of what is the resveratrol. 
To do so we would like to explain the resveratrol from chemical and biological points of view.  
From the chemical point of view resveratrol is a compound with molecular formula 
C14H12O3 and molecular mass of 228.25 g/mol. In nature it occurs as a white powder formed from 
MeOH. The skeleton of the compound contains two aromatic rings joined together by a styrene 
double bond30. It is this double bound that allows the appearance of two distinct cis- and trans- 
isomeric structures of the compound, which in turn correspond to formation of Z- and E- molecules 
respectively. The trans- form of resveratrol is more stable in response to high pH and radiance of 
light; therefore, it is the preferred form of the compound widely used for research. The trans 
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structure of the compound is commonly referred to as resveratrol for simplicity. [Seeram N.P., et al, 
2006]  
The IUPAC-name of resveratrol is 5-[(E)-2-(4-hydroxyphenyl)-ethenyl]-benzene-1,3-diol. 
Generally, the compound is named as trans-3,4’,5-trihydroxystilbene. The molecular structure of the 
compound is represented in a figure below. 
 
Figure 2.5: Molecular structure of resveratrol 
The figure shows the trans-isomeric structure of resveratrol. There two aromatic rings joined together by a styrene 
double bond in the middle of the compound. There are also tree hydroxyl-groups present in the molecule. Single lines 
indicate single carbon-carbon bonds; double lines indicate double carbon-carbon bonds. 
 
From the biological point of view resveratrol is a naturally occurring polyphenol31 that belongs to a 
class of phytoalexins32, which in turn belongs to a class of stilbenoids33. It is also a parent molecule 
of oligomers34 known as viniferins35. [Seeram N.P., et al, 2006] 
 In Chapter 2.1 some biological activities inside of cells have been introduced. Next in this 
chapter the influence of resveratrol on these processes inside of multicellular organisms is 
explained. 
 
2.3.2 Influence of resveratrol on the cell growth 
It is not quite clear what is the influence of resveratrol on the cell growth when it is 
represented in terms of the cell size. According to some reports, it has been noticed that resveratrol 
treatment causes an increase in the nuclear size and also an increase in granularity36 of the cells. 
[Stervbo U., et al, 2006]  
The resveratrol has also been observed to increase the cell size in some laboratory test. In 
our opinion, it might also have something to do with the cell proliferation, which is explained in the 
next section of the report. 
 
2.3.3 Influence of resveratrol on the cell proliferation and apoptosis 
 First of all it is important to say that resveratrol is known to inhibit the cell proliferation and 
the number of cells in an organism by induction of the cell death in the concentration- and cell type-
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manner. [Pervaiz S., et al, 2006] That is the key for understanding the influence of resveratrol on the 
cell division and cell death.  
 In the chapter 2.1.1 we have shown the importance of the checkpoints in the cell cycle 
progression. The checkpoints perform their functions by the proteins p53, Rb, p27 and cdk inhibitor 
p21waf1/cip137. As any alteration into the normal functioning of these proteins occurs, the DNA 
mutation may result, possibly causing the carcinogenesis of the cells. When the resveratrol is 
involved in this process, it induces the cell cycle arrest in different stages, depending on the cell 
type. As a result, the cell proliferation is inhibited by resveratrol. [Pervaiz S., et al, 2006]  
 Resveratrol has also shown to inhibit the activation of Akt and PI3K, meaning that it might 
also inhibit the action of mTOR and its downstream pathway transduction and therefore, inhibit the 
cell proliferation even further. [Pozo-Guisado E., et al, 2004] [Zhang J., et al, 2006] 
 Add to the function of inhibition of the cell proliferation, resveratrol has also shown to 
inhibit the signal for cell survival, [Fulda S., et al, 2006] Either by interfering with apoptotic 
pathways both by direct triggering of apoptosis-promoting signalling cascades, or by blocking 
antiapoptotic mechanisms, resveratrol causes apoptosis of cells resulting in their death. 
 What is more, resveratrol has also shown to induce apoptosis by blocking of the expression 
of some antiapoptotic proteins and through the inhibition of signal transduction mechanism through 
the PI3K/Akt pathway. [Fulda S., et al, 2006]   
Akt is also an important survival factor, meaning that the activity of Akt would modulate 
apoptosis of cell directly. As it was already mentioned above, resveratrol showed to cause the 
inactivation of Akt, which was reported to enhance a spontaneous apoptosis. [Lawen A, 2003] 
 
2.3.4 Influence of resveratrol on the abnormal cell growth and cell proliferation 
 As it has been explained in the previous section, resveratrol causes cell apoptosis in 
concentration and time manner through the mTOR pathway. Due to that it reduces the abnormal cell 
growth and abnormal cell proliferation. That is one influence of resveratrol on the abnormal 
processes inside of cells.  
 There are also some other ways how it can influence these processes. One of them is through 
the checkpoints at different stages of the cell cycle, as we have explained above.  
 There is also another pathway through NF- κβ. This pathway is not of a great interest to our 
case study, because it is outside of the scope of our investigation. However, it is important to 
mention here that resveratrol also causes cell apoptosis of the DNA damaged cells through this 
pathway and in that way it is providing the cancer therapy for the organism. [Fulda S., et al, 2006]  
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 Now, to add together, due to the exertion of antiproliferative and pro-apoptotic activities in 
cells, resveratrol has demostrated its ability to prevent carcinogenesis. Therefore, resveratrol is a 
very important anticancer agent, [Stervbo U., et al, 2006] [Sexton É., et al, 2006] as it was shown in 
various cancer cell types. 
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3. Hypothesis of problem formulation 
 
Before carrying out our experiment to test cellular effect of tsc1 mutation in combination 
with resveratrol treatment, we have established a hypothesis for the effect of resveratrol on cell 
proliferation and cell growth in TSC1+/+ and TSC1-/- cells. This hypothesis is based on the theory 
described in chapter 2. We have summarized our expected results as following: 
Firstly, when the TSC1+/+ and TSC1-/- cells are without resveratrol treatment: 
tsc1 mutation will enhance both cell growth and cell proliferation. TSC1 and TSC2 proteins 
function together in a complex as a tumour suppressor, therefore mutation of either one of them 
would lead to a loss of suppression of the cell growth and cell cycle progression and thus enhance 
cell growth and cell proliferation through mTOR pathway. Highly increased cell growth will lead to 
a cell size increase, despite the enhanced cell proliferation. (Review section 2.2) 
Secondly, when the TSC1+/+ cells are treated with resveratrol: 
Resveratrol treatment will suppress the cell proliferation in a time- and concentration- 
dependent manner, because of the role of anti-proliferation and pro-apoptosis. (Review sections 
2.3.3 and 2.3.4) Recalled that resveratrol has shown to inhibit the activity of Akt, we suggest that 
Akt might act as a target, through which resveratrol can inactivate the mTOR pathway. 
Additionally, resveratrol treatment would increase the cell size by influencing the cell growth and 
cell proliferation at the same time. (Review section 2.3.2)  
Thirdly, When the TSC1-/- cells are treated with resveratrol: 
Similar to TSC1+/+ cells, resveratrol may inhibit the cell proliferation of TSC1-/- cells. But 
tsc1 mutation would reduce the sensitivity of resveratrol effect when comparing to the effect on the 
TSC1+/+. This is due to the fact that the loss of TSC1 will partially influence the Akt-mTOR 
pathway. Therefore, when the activity of resveratrol is combined with the tsc1 mutation, a 
phenomenon of counteractive effect on cell proliferation could be observed. Moreover, we imply 
that the TSC1-/- cells that are larger in size than the TSC1+/+ cells would not be able to increase 
their size even further under resveratrol treatment, because the area to volume ratio limits the 
maximum cell size. (Review sections 2.1, 2.2 and 2.3) 
In order to test the hypothesis a series of experiments has been carried out, as described in 
the next chapter of the report. 
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4. Methodology 
 
In this chapter we will present the methods to obtain and to analyse the data. First we are 
going to describe the way we have carried out the experiment and then we will explain the methods 
for data analysis. 
 
4.1 Materials used 
 Chemicals and reagents:  
RPMI 1640 Media, Fetal Bovine Serum (FBS), Dulbecco's Phosphate Buffered Saline 
(DPBS), Gentamicin (50 mg/ml) and trypsin / ethylenediaminetetraacetic acid (EDTA) were 
from Invitrogen-GIBCO® (Taastrup, Denmark). Resveratrol and dimethylsulfoxide 
(DMSO) were from Sigma (Copenhagen, Denmark). 
 Cell lines: 
TSC1 +/+ and TSC1 -/- mouse embryonic fibroblasts (MEFs) were kindly supported by Dr. 
Kwiatkowski, Brigham and Women's Hospital, Harvard Medical School, Boston. 
 Equipment: 
All cell culture flasks and 24-well dishes were obtained from Nunc (Roskilde, Denmark). 
 
4.2 Cell culture conservation 
Both cell lines were cultured in RPMI-1640 media with 10% FBS and 0.1% gentamicin. 
Cells were maintained in a 37°C, 5% CO2 incubator. The confluence status of the incubated cells 
was inspected frequently. The cells were subcultured before the confluence reached about 80%. All 
cells were subcultured no more than 10 times to avoid long-term effects, such as mutations.  
 
4.3 Set-up of the experiment 
4.3.1Cell lines set up (Experiment Day 1) 
Both TSC1+/+ cell line and TSC1-/- cell line were set up separately in parallel using the 
same procedure as described below: 
 Suspension of the cells  
The cell monolayer was de-attached by 5 min incubation with trypsin/EDTA after washing 
the cells with DPBS. After that the cells were suspended in the media, and kept on ice until 
use. The cell density was established using the Bürker- Türk’s Counting Chamber (se 
below). 
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 Cell density determination 
The Bürker- türk’s Counting Chamber consists of two identical chambers (upper chamber 
and lower chamber) as shown on the figure 4.1 (A) below. A few drops of the suspension 
were carefully filled in both upper and lower chambers of the Bürker- türk’s Counting 
Chamber. Cells within the area of 4*4 squares marked with “.” in figure 4.1 (B) at four 
corners of both upper and lower champers were counted under the power of electron 
microscope.   
 (A) 
 (B) 
Figure 4.1:  Bürker- türk’s Counting Chamber 
(A) Picture of Bürker- türk’s Counting Chamber. (B) Subdivision of the Bürker- türk’s Counting Chamber (the lower 
chamber). 
 
Assuming that the total counting number was M, the cell concentration in the diluted 
suspension was (M/8)*104 cell/ml.  
 Transfer 35000 cells/ml suspensions into 24-well dishes 
Based on the cell number, a cell suspension containing 35000 cells/ml was made. One ml of 
this suspension were added into each well on 24-well dishes, one for 0 hour, 24 hours and 48 
hours determinations, respectively. For the dish I (0 hour), we filled only half of the dish 
(first three columns) with the cell suspension. For the dish II and III (24 hours and 48 hours), 
all the wells were filled. (Figure 4.2) 
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Figure 4.2: Cell lines set up 
Three 24-well dishes were used to set up the TSC1-/- and TSC1+/+ cell lines for further experiment. 
 
4.3.2 Resveratrol treatment (Experiment Day 2) 
 Treatment preparation 
Resveratrol was diluted in DMSO to 40 mM, and kept at -20°C until use. On day two, the 
cell media was replaced with media containing 0µM (control), 2.5µM, 5µM, 10µM, 20µM, 
40 µM resveratrol. DMSO was added to obtain 0.1 % in all wells. The figure below shows 
the order of resveratrol addition to cell cultures in every well on a dish. 
 
Figure 4.3: Resveratrol addition to the cell cultures 
Resveratrol was added to the TSC1-/- and TSC1+/+ cell cultures to achieve different concentrations, as shown on the 
figure above. Control corresponds to 0µM resveratrol concentration. 
 
4.3.3 Taking Phase contrast pictures 
Phase contrast pictures were taken from the centre of each well by using a bright field light 
microscope (Leica, DM IRB), equiped with a camera (Leica, DC 300 F). Pictures of the cells in 
dishes I, II and III were taken on experiment days 2, 3, and 4 respectively.  
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4.3.4 Cell number determination by coulter counter  
 Principle of the coulter counter 
The coulter counter is a particle (cell) counter and analyser, which uses the direct current 
electronic resistance method for cell counting and sizing. It has a probe consisting of an 
internal as well as an external electrode and a transducer with an aperture of a certain 
diameter (70µm in our case). [Hughes D., et al, 2003] When a sample is tested, the probe is 
immersed in the conductive sample diluent (i.e. 0.9% NaCl solution), which allows a direct 
current to pass through the aperture between the electrodes. Because cells are 
nonconductive, when they pass through the aperture the resistance between the electrodes 
will increase. [Hughes D., et al, 2003] Correspondingly, the voltage between the electrodes 
will have a change, which is proportional to the volume of the cell. In this way, cells with 
different volumes or sizes will be identified and counted. [Hughes D., et al, 2003] 
 Preparation of the samples 
The media was removed from each well and the cells were washed with DPBS. Then the 
cells were detached by adding 0.2 ml trypsin/EDTA into each well and incubated for 20 
minutes. After that 0.8 ml of media was added to each well. After re-suspension, 0.8 ml of 
the cells suspension from each well was transferred to the corresponding cuvette containing 
10ml of 0.9% NaCl solution.  
 Sample analysis 
We counted the particles from 9µm to 30µm in diameter. This is a typical cell size range for 
MEF cells. After running the samples in the coulter counter, all the counting data were saved 
in the computer.  
 
4.4 Method of data analysis 
The data obtained from the experiment can be generally divided into two different 
categories, which was handled in different ways as summarized below:  
 
4.4.1 Analysis of the cell number  
We first used the Multisizer 3.2 software to obtain, rearrange and export the data to the 
Microsoft Excel software. In the Excel spreadsheet, the counting data were refined by removing the 
counts of particle with a size less than 10.5 µm in diameter, which is assumed not to be living cells. 
Secondly, mean cell numbers by a particular concentration of resveratrol treatment at a specific 
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time (+/- standard deviation) were estimated for each cell line. This set of data was used to plot the 
cell number versus time and resveratrol concentration. 
 
4.4.2 Analysis of the cell size 
The data of every well obtained by Multisizer 3.2 program and transferred to the Microsoft 
Excel software, was transferred further to the Fitter BJ 03. Fitter BJ 03 is a program used to 
accomplish a logarithmic transformation of the data and plot a fitted line to the transformed data 
points, which would represent the number of cells versus cell diameter. In our investigation we have 
used the cell diameter to estimate the cell size, which in turn would give us an estimation of the cell 
growth. The mean values of most common cell diameters by a particular concentration of 
resveratrol treatment at a specific time (+/- standard deviation) were estimated for each cell line. 
This set of data was used to plot the cell diameter versus the resveratrol concentration. 
 
4.4.3 Analysis of the cell photographs 
Photographs of cells treated with different concentrations of resveratrol at different times 
were taken by electron microscope. The photographs were taken randomly in the center of each 
well. To provide a good resolution, the magnification of the photographs was 20*1.5*, except for 
TSC1+/+ at 0 hour, which was taken under the magnification of 20*. 
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5. Results of the experiment 
Now we would like to present the results of our experiment. First we are going to present 
the graphical illustrations of the cell proliferation and cell growth for the two cell lines. After that 
some pictures of the cell proliferation and the cell growth would also be presented in the report. 
 
5.1 Graphical presentation of the cell proliferation 
As we have described in the previous chapter of the report to investigate cell proliferation of 
TSC1+/+ and TSC1-/- cell lines is an important part of our investigation. There are four figures in 
this section that present our results. First, the actual numbers of cells per ml versus time is presented 
on the two figures below. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The actual cell numbers of TSC1-/- and TSC1+/+ were collected at 0, 24 and 48 hours 
(Figure 5.1 (A) and (B) respectively). The starting points for the TSC1-/- and TSC1+/+ cell lines 
were about 21800 and 23800 cells respectively at the initial time of 0 hours.  
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Figure 5.1: Cell proliferation vs. time 
 
        (A): Cell proliferation of TSC1-/- vs. time      (B): Cell proliferation of TCS1+/+ vs. time 
 
The data for the figures was collected experimentally as explained in chapter 4, sections 4.4.1. Each figure represents 6 time-
dependent curves of cell proliferation in response to resveratrol treatment in concentration of 0, 2.5, 5, 10, 20 and 40 µM. The 
uppermost curves correspond to time-dependency at the lowest doses of resveratrol, and vice versa. The bars represent the (+/-) 
standard deviations of the data points at which they are drawn. 
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As shown by the 0 µM curve in figure 5.1 (A) the number of TSC1-/- cells increased by 
about 4 times to about 85300 cells at 24 hours; and about 7 times to 159000 cells at 48 hours 
without any resveratrol treatment.  
Other curves in figure 5.1 (A) show that addition of resveratrol to the TSC1-/- cell culture 
causes a decrease of the cell proliferation in a dose-dependent manner. The 40 µM curve on this 
figure suggests that resveratrol treatment almost blocks the cell proliferation at both 24 and 48 
hours measurements. 
In parallel, the initial number of TSC1+/+ cells increased about 2.2 times to 53100 cells at 
24 hours and then slightly increased to about 64800 cells at 48 hours without any resveratrol 
treatment. This is shown by the 0 µM curve in figure 5.1 (B). Other curves on the same figure 
indicate that the cell proliferation declined in response to resveratrol treatment dose-dependently. 
As represented the 10 µM curve, resveratrol treatment in concentration of 10 µM resulted in a cell 
number reduction beyond 24 hours. This observation provides us an evidence of an increased cell 
death. Similarly, higher concentrations of resveratrol, namely 20 and 40 µM, have also reduced the 
cell number through the whole time interval. This observation is presented by the 20 and 40 µM 
curves in figure 5.1 (B). 
Based on the observations presented in the previous paragraphs we can conclude that the 
TSC1-/- cells have higher cell proliferation, compared with the cell proliferation of TSC1+/+ cells. 
Figure 5.2 (A) and (B) confirm our inference that the cell proliferation of both TSC1-/- and 
TSC1+/+ is decreasing with increasing concentration of resveratrol.  
The IC50 of both TSC1-/- and TSC1+/+ at 24 and 48 hours in figure 5.2 (A) and (B) is also 
very interesting for our investigation.  
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Figure 5.2: Dose-dependent curves at 24 and 48 hours 
 (A): Relative cell number vs. resveratrol 
concentration at 24h 
 (B): Relative cell number vs. resveratrol 
concentration at 48h 
 
The data for the figures was collected experimentally as explained in chapter 4, section 4.4.1. The relevance points on 
both figures denoted by 1 on the y-axis correspond to the initial cell number measured at 0 hours without resveratrol 
treatment. Each figure represents 2 dose-dependent curves of relative cell proliferation; one for TSC1-/- cells and one 
for TSC1+/+ cells. The bars represent the (+/-) standard deviations of the data points at which they are drawn. 
 
In order to find the IC50, we have to draw a horizontal line at 0.5 relative cell numbers on 
both figures visually. By doing so we obtain the following: 
• The IC50 of TSC1-/- at 24 hours is about 8 µM, while the IC50 of TSC1+/+ at 24 
hours is about 13 µM of resveratrol. (Figure 5.2 (A)) 
• The IC50 of both TSC1-/- and TSC1+/+ at 48 hours are about 7 µM of resveratrol. 
(Figure 5.2 (B)). 
To generalize our observation the IC50 of TSC1-/- has a lower value than the IC50 of 
TSC1+/+ at 24 hours. But the IC50 of TSC1-/- and TSC1+/+ at 48 hours are almost the same. Both 
IC50 of TSC1-/- and IC50 of TSC1+/+ are decreasing with time, but the latter is decreasing much 
faster. 
 
5.2 Graphical presentation of the cell growth 
Another focus of our project is the cell growth. In this section there are several figures 
showing the cell diameter (cell size), which is an approach to measure the cell growth.  
In figure 5.3, we are only going to consider the most common cell diameter, which is 
presented by the highest peak on each curve. Yet, for the reasons mentioned in chapter 4, section 
4.4.2, we are not going to consider the cells with diameter less than 10.5 µm. 
The diagrams (A), (B) and (C) in figure 5.3 present the diameters of TSC1-/- and TSC1+/+ 
cells without addition of resveratrol. The cell size of both cell lines is changed with time. 
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We notice a general trend that at all times the cell diameters of TSC1-/- is larger than the 
cell diameters of TSC1+/+. Moreover, the chromatogram-curves of the TSC1+/+ are broader, 
suggesting that the cell diameter of TSC1+/+ cell line is more diverse in comparison to TSC1-/- cell 
line.  
These observations provide us only the qualitative impression of the cell growth. Whether 
or not the same observations hold when the cells are treated with resveratrol is hard to say by only 
looking at that kind of figures. In order to get more clearly quantitative results on the change in cell 
diameters we need to look at the next two figures below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Figure 5.3: Diameters of cells with 0µM resveratrol treatment. 
(A) At 0 hours                      (B) At 24 hours                 (C) At 48 hours 
 
The number of cells estimated per 0.5µL of the sample is presented on the y-axis, while the average cell diameter is on the 
x-axis. Both cell number and cell diameter at different times were estimated by coulter counter technology, and averaged 
by the Multisizer 3.2. Each figure represents two chromatogram-curves respectively for TSC1+/+ and TSC1-/- cell lines at 
a specific time measurement. 
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The figure 5.4 (A) and (B) shows that the increasing resveratrol concentration increase the 
TSC1-/- cell diameter at 24 hours, and then decrease it at 48 hours. The cell diameter of TSC1+/+ 
cells almost keeps constant at 24 hours with increased resveratrol concentration.  
It is important to note that the figure 5.4 (B) does not show the TSC1+/+ diameters for 
resveratrol concentration. In order to understand why some of the data is missing we need to have a 
look at the following figure.  
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Figure 5.4:  Cell diameter vs. the resveratrol concentration 
 
Cell diameter is presented on the y-axis and plotted against the resveratrol concentration, shown along the x-axis. The 
bars represent the (+/-) standard deviations of the data points at which they are drawn. The data are collected 
experimentally as explained in section 4.4.2. All data of cell diameter are the average cell diameter at the corresponding 
resveratrol concentration, except the 10 µM data point on TSC1+/+ curve, which is the only data of TSC1+/+ cells 
obtained at 10 µM resveratrol. The data of 20 and 40 µM on TSC1+/+ curve are missing due to low cell numbers at these 
concentrations of resveratrol.  
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As figure 5.5 shows the three lowest curves have no clear peak, and it is difficult to find the 
top points of these curves. Therefore, we unfortunately miss the data of TSC1+/+ cells at 48 hours 
of treatment with 10, 20 and 40 µM resveratrol. But it seems that cell size has a tendency to 
increase with resveratrol concentration by looking at the first three data points we have in the 
TSC1+/+ curve in figure 5.4 (B).  
 
5.3 Microscope illustration of the cell growth and cell proliferation 
In this section we would like to show some of the results of what we have obtained by 
taking photographs of the cells under the power of microscope. Unfortunately, due to some 
technological problems we did not obtain any photographs at 24 hours. Therefore, we are only 
going to show some of the photographs of TSC1-/- and TSC1+/+ at 0 and at 48 hours of time, 
which are presented on the figure 5.6 below. 
From photographs of TSC1-/- and TSC1+/+ cells at 0h, it is very easy to see that the wild cells 
are smaller in size than the mutant cells. The nucleus of TSC1+/+ is also smaller in size than that of 
TSC1-/-. Also, there are fewer dead cells in the TSC1-/- cell culture than in the TSC1+/+. The dead 
cells are shown on the photographs as round figures that are very light in comparison to the normal 
cells. According to photographs of TSC1-/- and TSC1+/+ cells without resveratrol at 48h, it appears 
the cell proliferation of the mutant cell type is higher. Yet, it is unclear whether or not the cell size 
is greater than in the wild type. When 10µM resveratrol is used to treat the cells, most of the cells 
would die at 48 hours for both cell lines. At last, when the resveratrol concentration is as high as 40 
µM almost all of the cells would undergo the process of apoptosis and die. Consequently, the cells 
detach from the bottom of the wells and form into clusters. 
 
 
 
 
 
 
Figure 5.5: Diameters of TSC1+/+ cells vs. time at 48 hours. 
 
The number of cells estimated per 0.5µL of sample is presented on the y-axis, while the average cell diameter is on 
the x-axis. Both cell number and cell diameter at different times were estimated by coulter counter technology, and 
averaged by the Multisizer 3.2. Figure presents 6 chromatogram-curves. From the uppermost curve to the lowermost 
curve, it represents respectively the cell size distribution by 0, 2.5, 5, 10, 20 and 40 µM resveratrol treatment.   
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TSC1-/-                      
 
TSC1 +/+ 
    0 hours, 0 µM resveratrol 
     48 hours, 0 µM resveratrol  
      48 hours, 10 µM resveratrol  
      48 hours, 40 µM resveratrol  
Figure 5.6: Photographs of TSC1-/- and TSC1+/+ at 0 and 48 hours 
 
Eight photographs were selected to present TSC1-/- and TSC1-/- treated with different concentration of 
resveratrol at 0 and 48 hours. Four pictures of TSC1+/+ are on the right hand side, while the other four pictures 
of TSC1-/- are on the left hand side. All the pictures are reduced in size to 10% of the original size by Microsoft 
PowerPoint; except the photograph of TSC1+/+ cells at 0 hour, which is reduced to 15% of the original size. 
Therefore, we keep the magnification of all the pictures as the same (review section 4.4.3 in chapter 4). 
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6. Discussion 
The discussion is divided into four parts: one of them is dealing with the influence of 
resveratrol on the cell proliferation, the other one is about the influence of resveratrol on the cell 
growth. In the third part the errors and uncertainties in the project are discussed, and then the 
validity of the results is evaluated in the last, fourth part of this chapter.  
 
6.1 The cell proliferation 
 In our hypothesis we have stated that resveratrol inhibits the cell proliferation in time and 
concentration manner. We will evaluate and discuss this suggestion for both TSC1+/+ and TSC1-/- 
cells. 
 When the resveratrol concentration is kept constant, the cell proliferation of TSC1-/- is 
faster than the cell proliferation of TSC1+/+ at all measured time. This observation is supported by 
the figures 5.1 (A) and (B). These figures also suggest that at a particular time an increase in the 
resveratrol concentration causes a decrease in the cell proliferation.  
 The 0 µM curves in figures 5.1 (A) and (B) show that the cell number is increasing in both 
TSC1+/+ and TSC1-/- cell lines. Both cell lines have about the same cell number at 0 hour, but 
TSC1-/- cell line has a much higher cell number than TSC1+/+ cell line at 24 and 48 hours. It 
indicates the cell proliferation of TSC1-/- cells is much faster than TSC1+/+ cells. This is due to the 
fact that TSC1 -/- cells lose the suppressor protein to mTOR, and therefore the cell proliferation 
would be higher than TSC1 +/+(review section 2.2.2). 
Next, we would like to evaluate the toxicity of resveratrol on both cell lines. Interestingly, 
the IC50 of the TSC1-/- cells (8 µM resveratrol) is lower than the IC50 of the TSC1+/+ cells (13 µM 
resveratrol) at 24 hours (figures 5.2 (A) and (B)), which suggests that resveratrol is more toxic to 
the TSC1-/- cells than to the TSC1+/+ cells at 24 hours. However, the sensitivity of TSC1-/- cells to 
resveratrol is decreasing when the concentration increases from 20 µM to 40 µM at 24 hours, as the 
rate of the cell number decrease is getting slower. Although TSC1-/- cells are more sensitive than 
TSC1+/+ cell to resveratrol at all the measured concentration at 24 hours, due to the growth 
advantage of the cell TSC1-/- cells, its cell number is still higher at all the concentration 
measurements than the cell number of TSC1+/+ cells.  
At 48 hours, the IC50 of both cell lines are almost the same (7 µM resveratrol), but TSC1+/+ 
cells seems to be more sensitive to resveratrol than TSC1-/- cells, when the resveratrol 
concentration is beyond 20 µM. 
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Moreover, we have noticed that the IC50 values of both cell lines we used are much lower 
comparing to the other reported IC50 value of cells treated with resveratrol. For example, the IC50 of 
the human hepatoma cells (HepG2) is 50 µM resveratrol at 24 hours and 35 µM at 48 hours. 
[Stervbo U., et al, 2006] We think it might be due to difference in the cell type. The mouse 
embryonic fibroblast cells (MEFs), which we have used, may be more sensitive to resveratrol than 
HepG2 cells. 
 In the hypothesis we have stated that resveratrol has shown to inhibit the activity of the Akt, 
which would influence the cell proliferation through the mTOR pathway. Now we would like to 
evaluate this suggestion. This suggestion is discussed using the model shown in figure 6.1 below.  
 
 
 
 
 
  
 
 
 
 
The figure 6.1, which is based on the scientific knowledge to date shows that there are three 
ways by which resveratrol may have an effect on the cell proliferation. The way number 1 in figure 
6.1 indicates that resveratrol may influence other regulators (Review 2.3.3 and 2.3.4) other than Akt 
by inducing the cell cycle arrest at different stages of the cell cycle and therefore to inhibit the cell 
proliferation. However, the action of resveratrol through way 1 would have the same or very similar 
influence on the cell proliferation for the TSC1-/- and TSC1+/+ cells. Our results show that the 
Figure 6.1: Influence of resveratrol on cell proliferation 
 
Resveratrol show its anti-proliferation through an Akt independent way (denoted by a bar with broken lines number 
1), as well as Akt dependent way (denoted by number 2 and 3). In the Akt dependent way, Akt can regulate mTOR 
indirectly through TSC1/TSC2 complex (denoted by number 2) and it can also regulate mTOR directly (denote as 
number 3). Arrows indicate positive regulation; bars indicate negative regulation. Two boxes with broken lines 
represent TSC1+/+ (box on the left) and TSC1-/- (box on the right) respectively. 
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influence of resveratrol on the two cell lines is rather different. Therefore, we have to consider the 
way through the Akt protein. 
 Akt modulate the mTOR protein in two ways:  
 The way number 2 in figure 6.1 shows the signal can also pass the intermediate TSC1/TSC2 
and Rheb to mTOR (indirect way). 
 The way number 3 in figure 6.1 shows the signal can be sent directly from Akt to mTOR 
(direct way). 
 In both TSC1+/+ and TSC1-/- cells the messages are sent through both direct and indirect 
ways. Signal transduction through the direct way is also identical for both cell types. So, it is the 
indirect way that mostly influences the cell proliferation. In the TSC1+/+ cells the signal is sent 
through the TSC1/TSC2 complex. However, this protein complex represses Rheb, thereby inhibits 
the signal transduction from Rheb to mTOR. On the other hand, the TSC1-/- does not have the 
TSC1/TSC2 protein complex. Therefore, there is no repression factor on Rheb in the TSC1-/- cells, 
resulting into an enhanced signal transduction from Rheb to mTOR and its downstream and 
eventually increased the cell proliferation. 
It is necessary to say that some other factors like nutrient availability and stress may also 
influence the cell proliferation. However, since we have made the experiment in parallel for both 
cell lines, the influence from these factors to both cell lines should be identical. 
 
6.2 The cell growth 
Cell size is an approach that approximately estimates the cell growth. Cell size is supported 
by cell growth, while balanced by cell proliferation. The equilibrium of cell growth and cell 
proliferation allows the cells to keep their size within a certain range. Abnormal coordination of 
cell growth and cell proliferation, which breaks the equilibrium, will lead to a cell size change.  
As shown in figures 5.3 (A), (B), and (C), TSC1-/- cells has a larger cell size than TSC1+/+ 
cells throughout the time without resveratrol treatment. This observation fits to our hypothesis that 
loss of TSC1 shows an advantage in both cell growth and cell proliferation. Moreover, the growth 
of TSC1-/- cells is very fast, because its cell proliferation is unable to balance its cell size as large 
as the TSC1+/+ cells. By studying TSC1-/- and TSC1+/+ cells without resveratrol treatment, we 
find another interesting point, that cell size of both cell lines are changed with time. This is due to 
the fact that the cell size would oscillate within a certain range time-dependently. When majority of 
the cells have just finished their cell division, the average cell size would be relatively small. On the 
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other hand, when majority of the cells are going to have a division, the average cell size would be 
relatively large. 
Now we would like to evaluate the effect of different resveratrol concentrations on cell 
growth based on the observation of cell size and cell proliferation. In figure 5.4 (A) and (B), the 
increasing resveratrol concentration has increased the cell size of TSC1-/- cells at 24 hours, but has 
had almost no effect on TSC1+/+ cell size at 24 hours. Furthermore, an increase in resveratrol 
concentration has decreased the cell size of TSC1-/- cell line at 48 hours and likely increased the 
cell size of TSC1+/+ cell line at 48 hour.  
As it was mentioned before, the change in the cell size is the consequence of unmatched cell 
growth and cell proliferation. Therefore, resveratrol regulates the cell size through the regulation of 
both cell growth and cell proliferation. We suggest that cell growth, like cell proliferation can be 
regulated by resveratrol through an Akt dependent way as well as an Akt independent way. It is the 
Akt dependent way that makes the difference in the cell growth of TSC1+/+ and TSC1-/- cells.  
Considering the model in figure 6.2 (A) and (B), the cell growth of TSC1+/+ and TSC1-/- 
cells treated with resveratrol would be analyzed and estimated below, based on the interaction 
between the cell growth and cell proliferation: 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(A) 
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Figure 6.2 Influence of resveratrol on cell growth 
 
(A) Signal cascades with relation to cell size.  
(B) Estimation of the signal cascades for each cell line at different time.  
 
Arrows denote activation; bars indicate inhibition; arrows with broken lines indicate indirect promotion. Number 1 
denotes resveratrol inhibition of Akt. Number 2 denotes resveratrol inhibition of cell proliferation through Akt 
independent way. Number 3 stands for the indirect way of Akt-TSC1/TSC2-mTOR. Number 4 refers to the direct way 
of Akt-mTOR. Number 5 denotes activation of Akt from rictor-mTOR. Number 6 stands for mTOR dependent way of 
cell proliferation. Number 7 refers to Akt/mTOR dependent way of cell growth. Number 8 is the Akt independent way 
of cell growth. The length of the arrow line and bar line in figure (B) refers to the level of activation or inhibition. 
 
 
 TSC1+/+ cell line at 24 hours: Resveratrol treatment leads to an inactivation of Akt (way 
number 1). Although, rictor-mTOR slightly activates Akt through a feedback loop (way 
number 5), the Akt is still inactivated. This causes inhibition of raptor-mTOR through both 
direct and indirect ways (ways number 4 and 3 respectively). In turn, it leads to the 
inhibition of the cell proliferation (way number 6) and cell growth (way number 7). 
Moreover, the cell growth and cell proliferation can also be inhibited by resveratrol through 
Akt independent way (ways number 8 and 2). The inhibition of the cell proliferation is 
somehow matched with the influence on the cell growth. Therefore, the inhibited cell 
proliferation balances the increase in cellular material. In this way, there is no major change 
in the equilibrium between cell growth and cell proliferation. Due to that the cell size only 
varies within a very small range. 
 TSC1-/- cell line at 24 hours: The inhibition caused by resveratrol (way number 1) is 
stronger than the activation from rictor-mTOR (way number 5) on Akt. Therefore Akt is 
inhibited, which inhibits the raptor-mTOR through the direct way (way number 4). 
(B) 
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However, the inhibition signal through the indirect way (way number 3) was blocked by loss 
of TSC1, instead Rheb sends an activation signal to raptor-mTOR. In this way, the 
inhibition of raptor-mTOR is partially relieved. Therefore, the inhibition of both cell 
proliferation (way number 2 plus way number 6) and cell growth (way number 7 plus way 
number 8) is not as strong as the TSC1+/+ cell line. Cell proliferation is too slow to match 
up the inhibited cell growth, which leads to the cell size increase. 
 TSC1+/+ cell line at 48 hours: Due to the long-term inhibition of Akt shown by ways 1 
and 4 the Rictor-mTOR would predominate over the Raptor-mTOR, resulting in a stronger 
feedback loop activation (way number 5), than at 24 hours. Although Akt is still inhibited 
due to the presence of resveratrol, the level of the inhibition is weaker than at 24 hours (way 
number 1 plus way number 5).Therefore, the direct and indirect inhibition on raptor-mTOR 
(ways number 4 and 3), and in turn the inhibition of cell proliferation and cell growth (ways 
2+6, and 7+8 respectively) is weaker than at 24 hours. Still, the inhibition of cell growth is 
not as strong as the inhibition of cell proliferation, which leads to the increase in cell size. 
 TSC1-/- cell line at 48 hours: Same as in the previous paragraph the level of inactivation of 
Akt is lower than at 24 hours. Therefore, the signal of inhibition in the direct path (way 
number 4) from Akt to mTOR is weaker than at 24 hours. Additionally, Loss of TSC1 leads 
to an indirect activation of mTOR (way number 3), which might counteract with the direct 
inhibition from Akt. Thus, the inhibition of cell proliferation (way number 2 + 6) and cell 
growth (way number 7 + 8) is strongly relieved. However, unlike the cell size results in the 
previous three situations, we observe an unexpecte decrease in TSC1-/- cell size at 48 hours. 
This phenomenon might be due to a quicker and stronger recovery in the cell proliferation, 
than in the cell growth. Thereby, the slow cell growth can not match up the better-recovered 
cell proliferation, leading to the cell size decrease.   
 To Sum up all the four points above, we suggest that resveratrol treatment inhibits cell 
growth in a time- and concentration- depend manner and TSC-/- can relieve cell growth inhibition 
through mTOR pathway. 
 
6.3 Errors and uncertainties in the project  
Throughout our investigation we have encountered several difficulties. Some of them are 
associated with the set-up of the experiment; others are due to some vagueness in the observations. 
Therefore the errors and uncertainties that we have met throughout this project work can be 
classified into categories. All of them are discussed in the following sections of our report. 
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However, we do not imply that all of them have influenced the results of our experiment; we just 
indicate the possibility of it. 
 
6.3.1 Disadvantages of experimental set up 
 As far as we concern, there is only one major problem here: not enough cells in the cell 
culture in the beginning of the experiment. Due to that some important data is missing, as for 
example the data of TSC1+/+ cell growth treated with 20 and 40 µM of resveratrol at 48 
hours. 
 Another disadvantage is that the measurements were taken at only three time intervals, namely 
at 0, 24 and 48 hours. As a result when we plot a time-response of the cell proliferation and 
cell growth we have only 3 points of data for every curve. Other points on these curves are 
some rough estimates determined by computer programs Multisizer 3.2 and Fitter BJ 03.  
 A slight shaking of the coulter counter cuvette is necessary to mix up the sample solution for 
coulter counter test. However, the strength of the shaking actually has a clear influence on the 
counting, which might influence the results. It would have been better to think of some 
standard way of how to do that mixing. 
 
6.3.2 Qualitative vagueness in the observations 
 The growth of the cells without resveratrol treatment does not present an exponential growth 
response curve. It indicates that cell growth is too slow, which might have influenced the 
results. 
 The measuring time for both cell lines is not precisely at 24h and 48h due to the unavailability 
of the facilities, which might influence the results as well. 
 Coulter counter cuvettes is not for one-time use, therefore it could have been not clean enough 
for coulter counter test. 
 There is also a possibility that the cells could have been contaminated during the experiment. 
  
6.3.3 Quantitative vagueness in the results 
 When preparing the cell suspension for set-up, cells might not have been distributed evenly in 
the cell flasks. It could have been a cause of a large variation of cell number from well to well, 
and therefore might have influenced the results. 
 During the data analysis, we refined the data by removing the cells’ diameters smaller than 
10.5 um, which we did not consider as cells. But the optimal number could be different for 
TSC1+/+ and TSC1-/- cell lines, and the number might be bigger or smaller.  
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 Cell photographs at 24 hours have not been taken due to some technical problems. As a result, 
some important supportive information for our investigation is missing. 
 Cell size data of TSC1 +/+ cell line under 10, 20 and 40 µM resveratrol is also missing. What 
is more, some of the data is very vague and not strong enough to draw a clear conclusion. 
 The standard deviations for some data points are too large, indicating that these data points 
have some statistical problems. 
 We have only one full set of data obtained by carrying out the experiment. Statistically, it is 
not enough to support the findings strongly. 
 
6.4 Validity of the results 
Taking to consideration the points discussed in chapter 6.3 we think that the results of our 
investigation are not totally statistically correct. Due to the disadvantages in the experimental set up 
and in the analytical handling of the data there are several qualitative and quantitative weaknesses 
in our observations that might lead to inaccuracy in the results. 
Following from that the results of our investigation cannot give any deep insights to the 
influence of resveratrol on the TSC1+/+ and TSC1-/- cell growth and cell proliferation, yet, they 
can provide some suggestions to that in general lines. 
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7. Conclusion 
 
Resveratrol treatment can inhibit cell proliferation by inducing cell cycle arrest through Akt 
independent way. The cell growth is also inhibited by the Akt independent way. Significantly, 
resveratrol treatment can inhibit both cell growth and cell proliferation in a time- and 
concentration- depend manner by targeting Akt in the mTOR pathway.  
The loss of TSC1, which provides a growth advantage to the cells, can relieve the inhibition 
of cell proliferation and cell growth caused by resveratrol through the mTOR pathway. Therefore, 
the cell number of TSC1-/- cells is always higher than the number of TSC1+/+ cells under the same 
resveratrol concentration at all time measurements.  
However, the IC50 value of TSC1-/- cells is lower than of TSC1+/+ cells under resveratrol 
treatment at 24 hours. At 48 hours, the sensitivity to resveratrol is almost identical for both cell lines 
when the resveratrol concentration is lower than 20µM. Beyond 20µM resveratrol concentration the 
sensitivity is lower in TSC1-/- cells, in contrast to the TSC1+/+ cells.  
Cell size, depending on the equilibrium of cell growth and cell proliferation, has also a time-
dependent variation. Increased resveratrol concentration caused no crucial change in TSC1+/+ cell 
size at 24 hours. At 48 hours the cell size of the TSC1+/+ has increased. In parallel, in the TCS1-/- 
cells there has been an increase in the cell size at 24 hours and a decrease at 48 hours caused by 
increasing concentration of resveratrol.   
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8. Perspectives  
 
In our experiment, resveratrol has shown to inhibit the cell growth and cell proliferation in 
TSC1-/- cell line. However, more series of same experiment have to be done to support this general 
conclusion. Many factors that we mentioned in the errors and uncertainties of the project have to be 
considered and improved. Most importantly, more cells are needed to set up the experiment. 
Furthermore, more time measurements can be taken throughout the experiment.   
Our conclusion implies that resveratrol could be a potential drug to treat benign tumour cells 
caused by the TSC disease. Moreover, many studies suggest that resveratrol has a chemo-preventive 
effect on the malignant tumours.  
However, more investigations, including studies on TSC2-/- cell line, have to be conducted 
to support a hypothesis regarding benign tumours. What’s more, the side effects of resveratrol on 
normal cells and its toxicity on the physiological and clinical level need further investigation.     
Rapamycin, known to inhibit mTOR activity, could be used to additional studies on TSC1-/-, 
TSC1+/+, TSC2-/- and TSC2+/+ cell lines. The comparison between the effect of resveratrol and 
rampamycin on these cell lines would be an interesting topic for discussion. 
In the mTOR-signalling pathway the function and interaction of many regulators are not 
fully understood and the model of mTOR pathway needs further modification. The coordination of 
cell growth and cell proliferation through mTOR pathway is little known, more scientific research 
has to be conducted to investigate that.  
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10. Glossary/List of terms 
1. Tumour - an uncontrolled and abnormal growth of cells forming into extra tissues. 
2. Cancer - malignant form of tumour. 
3. Phytochemical – a chemical compound derived from some food plants. 
4. Cell cycle progression – progression through the cell cycle. 
5. Cell proliferation – increasing the cell number. 
6. Cell growth – increase in the cellular material. 
7. Embryonic fibroplasts - incipient fiber cells that give rise to conjunctive tissues 
8. G1 phase - the first phase of the cell cycle. It is one of two gap phases separating the S 
phase from the M phase. 
9. S phase - the second phase of the cell cycle. It is the phase in which the cell is preparing to 
the DNA synthesis. 
10. G2 phase - the third phase of the cell cycle. It is one of two gap phases separating the S 
phase from the M phase. 
11. M phase - the last, fourth, phase of the cell cycle, in which the cell is preparing to divide 
and then it splits into two daughter cells. 
12. G1 checkpoint - it separates the G1 phase from the S phase of the cell cycle. 
13. G2 checkpoint - it separates the M phase from the G2 phase of the cell cycle; simply, it 
controls the entry into the final M phase. 
14. M checkpoint - the final step of the cell cycle; it is the final check for one full cell cycle 
15. Interphase - it is the first phase of the cell division. In this phase the cells duplicate their 
chromatids. 
16. Mitosis - it is a cell dividing process, in which the parent cell is divided into two identical 
daughter cells. 
17. Cytokinesis - it is a process of the cytoplasm division to split the parent cell into the 
daughter cells. 
18. G0 stage - it is a nondividing stage of the cell cycle 
19. Homeostasis - it is a process through which the internal conditions of an organism are kept 
within narrow limits. Keeping the number of cells constant through the cell proliferation and 
cell death is a part of this process. 
20. Pathogenesis - it means the development of a disease. 
21. Apoptosis - an induced cell death. 
22. Extrinsic inducers - extracellular signals, comming from the outside of the cell. 
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23. Intrinsic inducers - intracellular messages, coming from the inside of the cell. 
24. p53 - tumor-suppressing gene. 
25. Malignant tumours - a form of cancer tumor which is threatening to life. 
26. Benign tumours - a form of tumor that does not enter and affect adjacent normal tissues. 
27. Metastases - cancer cells spread from the initial site of malignant tumour to other sites in the 
body, causing cancer.  
28. Rapamycin - a drug, showing inhibitory effect on the mTOR. 
29. Serine/theorine protein kinase - an amino acid existent in many common proteins 
30. Styrene double bond - a double bond formed as a result of two styrene molecules joined 
together in one molecule. 
31. Polyphenol - an aromatic compound characterized by the presence of more than one phenol 
groups in its structure. 
32. Phytoalexins - phytochemical compounds produced in plants that act as toxins to the 
organisms attacking these plants. 
33.  Stilbenoids - hydroxylated derivatives of stilbene, which is a trans-1,2-diphenylethylene. 
34. Oligomers - Contains certain numbers of monomer (small molecules) that bond to each 
other. 
35. Viniferins - The name of the family that contains resveratrol and its parent molecule. 
36. Granularity - it is a measurement of the size of components that made up of cells. 
37. p53, Rb, p27 and cdk inhibitor p21waf1/cip1 - they are the checkpoints proteins. 
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11. List of abbreviations 
Akt/PKB, protein kinase B;  
DPBS, Dulbecco's Phosphate Buffered Saline;  
DMSO, dimethylsulfoxide;  
EDTA, ethylenediaminetetraacetic acid;  
eEF2K, eukaryotic elongation factor;  
eIF4B, eukaryotic traslation initiation factor;  
eIF4E, eukaryotic initiation factor 4E;  
4EBP-1, eukaryotic initiation factor 4E (eIF4E)-binding protein;  
FBS, Fetal Bovine Serum;  
GTP, guanine triphosphate;  
IC50, 50% Inhibitory Concentration 
IR, insulin receptor;  
IRS, insulin receptor substrate;  
MEFs, mouse embryonic fibroblasts;  
mTOR mammalian TOR also known as FRAP, RAFT, and RAPT;  
NF-kB, nuclear factor kappa B;  
PDK1, 3-phosphoinositide-dependent protein kinase 1;  
PI3K, Phophatidylinositol-3-kinase;  
PIP3, phosphatidylinositol 3,4,5 trisphosphate;  
Rheb, Ras homologue enriched in brain;  
rpS6, including ribosomal protein S6;  
S6K, ribosomal protein S6 kinase K;  
S6K1/P70S6K1, The 70-kDa ribosomal protein S6 kinase 1;  
TOR, the target of Rapamycin; 
TSC, Tuberous sclerosis complex;  
TSC1 Hamartin; 
TSC2 Tuberin; 
tsc1 gene that codes for TSC1 proteins; 
tsc2 gene that codes for TSC2 proteins;  
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